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Abstract. A description is given of the skull and jaws of two new

thecodonts, Chanaresuchiis bonapartei and Gualosuchus reigi. from the

early Middle Triassic Chanares Formation of Argentina. The two forms

here described plus Cerritosaurus and Proterochampsa are closely related

and may be included in the single family Proterochampsidae. Their

structure is in many regards so primitive that this family should be in-

cluded in the thecodont suborder Proterosuchia. Suggested relationships

of members of the family to crocodilians and phytosaurs are discussed.

INTRODUCTION

Commonest of all thecodont remains so far discovered in the

Chaiiares Formation are those of Chanaresuchus bonapartei and

Gualosuchus reigi. Considerable material, particularly of Cha-

naresuchus, was found by the La Plata-Harvard expedition of

1964-65, and further specimens, which Sr. Bonaparte has been

kind enough to let me study, are in the collections of the Instituto

Lillo of Tucuman. In the present paper I will confine myself to

description of the skulls and jaws of these two closely related

forms; I hope shortly to give an account of the postcranial skel-

eton of Chanaresuchus.

I gratefully acknowledge grants from the National Science

Foundation that covered most of the expenses of collection and

preparation of the materials, and for aid in publication.

Chanaresuchus bonapartei, gen. et sp. nov.

Holotype. La Plata Museum 1964-XI-14-12 (field no. 47),

a skull and jaws together with postcranial remains. Collected
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from the Chanares Formation, in La Rioja Province, about half

a mile southeast of a volcanic plug in the valley of the south fork

of the Chanares River.

Combined generic and specific characters. A thecodont of

modest size (largest known skull about 260 mm in length).
Skull long and low; broad posteriorly; slithke external nares

placed close together dorsally some distance back of tip of snout;
antorbital vacuity small; postfrontal absent; no pineal opening;

parietals swing sharply outward posteriorly, above superior tem-

poral fenestrae, toward meeting with squamosals; suspensorium
far back of occiput, and lateral fenestra hence elongate antero-

posteriorly. Very elongate choanae partially covered below by a

secondary palate. Pterygoid and palatine toothed. Basal articu-

lation of braincase and palate movable. A long if narrow inter-

pterygoid vacuity, exposing a slender parasphenoid rostrum.

The generic name refers to the Chanares River and Forma-
tion. The specific name is given in honor of Sr. Jose Bonaparte,
able collector and describer of Triassic reptiles.

Description (Figs. 1-3). Considerable skull material of

Chanaresuchus is available. Most notable in the La Plata-Harvard

collection, in addition to the holotype, are MCZ4037 (field no.

154), which includes a large skull and jaws, and MCZ 4039

(field no. 81), the well-preserved left half of a small skull. Skull

lengths of these three specimens (measured to the quadrate) are,

respectively, 211 mm, 260 mm, and 155 mm. MCZ4036 con-

sists of a slab containing, as well as considerable postcranial

material, two rather poor skulls of about the size of the holo-

type.

The dermal bones of the skull are ornamented, particularly on

the skull table, with ridges radiating from centers of ossification.

The degree of sculpturing appears to vary with size and presumed

age; it is little developed on MCZ4039, somewhat more prom-
inent on the type, and the largest skull, MCZ 4037, is quite

rugose.
The skull is long, low, slender-snouted, broad posteriorly.

Snout elongation is clearly shown by the length of premaxillae,

nasals, and frontals, and by proportionate measurements. If, for

example, the anteroposterior diameter of the orbit be taken as a

base, the facial length, anterior to the orbit, is about AVi times

the length of the orbit itself, whereas in other thecodonts
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(phytosaurs excepted) this measurement is typically no more
than two or three times the orbital diameter. There is, further,
a considerable degree of postorbital length. From the post-
orbital bar to the tip of the quadrate, the distance is about 21/2

times the orbital diameter, whereas in pseudosuchians this dis-

tance is almost invariably considerably less, and is sometimes
not even equal to orbital diameter. It is difficult to select a

standard against which skull height may be objectively measured,
but it may be noted that even in the postfacial region of the

skull, where flattening is less pronounced than in the snout, the

skull height is not sufficient to give space for the eyes in the

lateral wall and the orbits are, in consequence, incised into the

skuU roof.

The tip of the snout is sUghtly decurved. Dorsal and lateral

surfaces of the skull are clearly marked off from one another.

The dorsal surface is nearly flat, although rising along the length

of the snout to then become horizontal in plane along the length

of the skull table. On either side a well-marked ridge, separating
lateral and dorsal surfaces, develops at the level of the nares

and continues back to the anterodorsal angle of the orbit, where

there is a modestly developed lateral projection. A similar pro-

jecting angle is present at the posterior margin of the orbit, and

a clear-cut angle separating roof from "cheek" continues along
the bar separating the temporal fenestrae.

The external nares are elongate slitlike structures, dorsally

placed and close together, separated only by a narrow bony bar.

In contrast to the subterminal position seen in many thecodonts,

they are placed well back of the snout tip; grooves leading into

the narial openings are present anteriorly and posteriorly. Deep
to the external nares, and separated from the narial margins at

all points, is seen a sheet of bone within which is found, on

either side, an opening of considerably smaller size than the

narial opening. At first glance one would assume that these

openings are the choanae; however, as discussed below, they are

apparently anterior palatal foramina for the vomeronasal organs,

and this bony sheet forms a short secondary palate. This sec-

ondary palate is separated from the bone rimming the narial

margin for only a short distance on the anterior and lateral

margins; medially, however, the bony sheets of the two sides

appear to meet one another below and free from the bar sepa-

rating the two nares, and the opening posteriorly between the
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narial margin and the secondary palate leads into a short naso-

palatine duct.

The antorbital fenestra is a small triangular opening, the apex
of the triangle lying anteriorly, at about one-third the distance

from orbit to snout tip, the posterior base separated from the

orbit by a narrow bony bar. The orbits are large (as, presumably
were the eyes) and are subcircular in shape; on the lateral sur-

face they occupy nearly the whole height of the skull, leaving

but a narrow bar of bone between them and the lower skull

margin. Dorsally their semicircular margins cut far into the

sides of the skull table. The upper rim is slightly elevated; as

mentioned, there are pronounced projections anteriorly and pos-

teriorly at the junction of dorsal and lateral portions of the

orbital boundaries.

There is no parietal foramen. The superior temporal fenestra

is well developed, facing directly dorsally, and is triangular in

Figure 1. Chanaresuchus bonapartei, skull in dorsal view. This and

Figs. 2-5 are based on the holotype, with additions from other specimens.

Abbreviations for Figs. 1-7: an, angular; ar, articular; bo, basioccipital;

c, coronoid; d, dentary; ec, ectopterygoid; /, frontal; ;, jugal; /, lacrimal;

m, maxilla; n, nasal; op, opisthotic; p, parietal; part, prearticular; pi, pala-

tine; pm, premaxilla; pa, postorbital; pp, postparietal; prf, prefrontal;

ps, parasphenoid; pt, pterygoid; q, quadrate; qj, quadratojugal; san, sur-

angular; sac, supraoccipital; sp, splenial; sq, squamosal; v, vomer.
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shape, with an anterior base and a posterior apex. The lateral

temporal opening is, as noted above, elongate anteroposteriorly,
in contrast to its much shorter span in most archosaurs; its pos-
terior margin is somewhat convex in outline, suggestive of the

initiation of the V-shape of this border in many archosaurs. In

strong contrast with most archosaurs, the suspensorial region
slants far back ventrally, the jaw articulation lying some distance

back of the level of the occiput. The back margin of the sus-

pensorial region is somewhat concave; this, plus a slight dorsal

spur, shows the initiation of the type of otic notch characteristic

of many more advanced archosaurs. The occiput slants diago-

nally downward and backward from the posterior margin of the

narrow medial portion of the skull table.

Of individual dermal roofing elements, the premaxillae are

elongate, in conformity with general snout elongation. They
form most of the boundaries of the external nares. The pre-
maxilla sends a long and well-developed process backward ex-

ternal to the naris, excluding the maxilla from the narial border

and terminating in a slender tip between maxilla and nasal.

Medially, conjoined slender processes from the two premaxillae
form a narrow bar separating the nares and extending back some
distance beyond tht narial region to taper between and below

the anterior tips of nasal processes that meet them. There is no

evidence of a separate septomaxilla, reported as existing in this

region in phytosaurs. Like the premaxillae, the nasals are elon-

gate They enter into the posterior border of the external nares

for a short distance and extend far backward to meet the frontals

in a zig-zag transverse suture; laterally there is a long line of

suture with the maxillae and a short contact with the prefrontals.

The frontals, as indicated by the development of their radiating

surface ridges, are somewhat elongated anteriorly. Laterally they

have a long contact with the prefrontals anteriorly and a short

posterior contact with the postorbitals; they enter broadly into

the dorsal rims of the orbits. The parietals are short anteropos-

teriorly, as regards their development on the skull table. They
have a transverse suture with the frontals in the middle portion

of the roof; lateral to this, the line of suture with the frontals

retreats sharply posteriorly, then turns forward again, allowing

the parietals contact with the postorbitals. This lateral extension

of the parietal forms the anterior border of the superior temporal
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fenestra. The posterior end of the skull roof is narrow; on

either side, however, each parietal sends, posterolaterally, a long

process to meet and overlap the medial surface of the squamosal
behind the superior temporal fenestra. Narrow dorsally but

broadening below, the medial surface of this process forms the

upper lateral boundary of the occipital plate and laterally forms

the medial boundary of the superior temporal fenestra. This

boundary is sharply marked off dorsally; more ventrally, how-

ever, the parietal slants outward to meet, obviously, the prootic

area of the otic region of the braincase.

Laterally, the premaxilla continues back some distance along
the margin of the upper jaw before being succeeded by the elon-

gate maxilla. The latter element gradually increases in depth,

posteriorly, to occupy the entire height of the side of the snout

anterior to the antorbital fenestra. The maxilla extends upward

beyond the ridge separating lateral and dorsal skull surfaces to

form a lateral strip of the dorsal surface for, roughly, the length

of the nasal. When the antorbital opening is reached, the maxilla

extends but a short distance backward above this opening. Below,

however, it forms the fenestral border for most of its length, to

be finally succeeded by the jugal. Posteriorly the maxilla tapers

downward in depth to terminate at about the level of the posterior

border of the orbit. The lacrimal forms most of the bar sepa-

rating orbit and antorbital fenestra and (although the line of

suture is none too clear) appears to extend forward above this

fenestra for most of its length on the lateral skull surface.

The prefrontal forms a triangular area on the skull roof,

bounded medially by nasal and frontal, posterolaterally by the

orbital margin and laterally by the ridge separating dorsal and

lateral margins of the snout. It forms a prominent projection

over the anterodorsal margin of the orbit and sends a process.

Figure 2. Chanaresiichus bonapartei, type skull in side view. X 4/9.
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reinforcing the lacrimal, part way down the bar separating orbit

and antorbital fenestra. There is no postfrontal clement. The

postorbital is well developed. Its center of ossification is a prom-
inent elevation at the posterodorsal corner of the orbit, whence
it extends in three directions. Medially, it extends over the skull

roof surface to meet the frontal anteriorly and, more posteriorly,
the parietal. This process forms anteriorly part of the orbital

rim, and posteriorly a small portion of the boundary of the upper

temporal fenestra. A posterior flange extends backward to form

much of the upper border of the lateral temporal fenestra, grad-

ually tapering backward to give place to the squamosal. Ven-

trally the postorbital extends downward to form the upper part
of the bar separating orbit and lateral temporal fenestra. The

jugal, in normal fashion, forms the lower margin of the orbit

and much of the lower margin of the lateral temporal fenestra.

Anteriorly it reaches the posteroventral margin of the antorbital

fenestra, and it forms the lower part of the postorbital bar.

The squamosal, in a fashion somewhat analogous to the post-

orbital, sends out three processes from a center located dorso-

posterior to the lateral temporal fenestra. An anteromedial

process runs forward to join laterally the process of the parietal,

which forms the medial wall of the superior temporal fenestra.

A long and strong process runs anteriorly to meet the postorbital

in a long diagonal suture and to form, in conjunction with that

element, the bar lying between the lateral margin of the upper

temporal fenestra and the upper boundary of the lateral temporal

fenestra. A broad but thin process runs ventrally to form the

posterior boundary of the lateral temporal fenestra; this meets

the quadratojugal ventrally and posteriorly has a long suture

with the quadrate. The squamosal, as in thecodonts generally,

sends a short spur backward above the head of the quadrate.

The quadratojugal forms the posterior part of the bar below the

lateral temporal fenestra and then curves sharply upward to meet

the squamosal and to form the lower part of the posterior mar-

gin of this fenestra. Posteriorly, at the junction of its two limbs,

the quadratojugal is thickened and is in intimate contact with

the quadrate.
As noted above, the occipital surface of the skull slants back-

ward as well as downward. The posterior rami of the parietals

form vertical walls that bound the occiput on either side. At the
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apex of the occipital surface is a small triangular postparietal,

which faces backward as much as upward and plays no part in

the dorsal surface of the skull. Below this is a large supraoc-

cipital, essentially triangular except for truncation of its narrow

anterodorsal extremity. On either side this plate articulates with

the proximal part of the posterior processes of the parietals.

Dorsally the bone has a prominent medial ridge; ventrally this

element forms the upper margin of the foramen magnum. The
lateral margins of the foramen are formed by the exoccipitals,

which are fused with the opisthotics to form long and slender

paroccipital processes extending laterally to abut against the

inner surfaces of the squamosals dorsally; this articulation is a

loose one, with the presence of kineticism. Possibly a small post-

temporal fenestra may have been present above the paroccipital

process; if present, however, it cannot have been more than a

slender slit. The exoccipital forms a dorsolateral fraction of the

occipital condyle; the condyle is, however, mainly formed by the

basioccipital. The condyle is circular in outline and essentially

convex with, however, a slight median excavation, presumably
for the anterior termination of the notochord. I regret that the

condition of the material is such that I have been unable to make
out the vagus and hypoglossal foramina nor the lateral surface

of the braincase in the otic region. I have not found a stapes,

and can say nothing regarding the possible presence of epiptery-

goid or laterosphenoid.
In correlation with snout elongation, the anterior part of the

palate is much modified. Medially a pair of stout processes
formed by the premaxillae extend backward in the midline; be-

hind them, the central area is continued by narrow paired vomers,

bearing a row of small teeth. Posteriorly the vomers diverge
somewhat to accommodate between them the anterior tips of

the pterygoids. At their posterior ends the vomers are in contact

with the palatines, the anterior ends of which have a concave

border, meeting the vomers medially and the elongate maxillae

laterally.

In "typical" tetrapods the choanae are situated well forward,

as rounded or oval openings, bounded anteriorly by the pre-

maxillae, laterally by the maxillae, posteriorly by the palatines

and medially by the vomers. If we look for the equivalent of

the normal choanae here, we find a pair of long and narrow areas
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Figure 3. Chanaresuchiis bonapartei, type skull in palatal view. X 4/9.

reaching about half the length of the skull, from the premaxillary

region to the position of the "incised" anterior ends of the

palatines. This elongation of the original choanal region is ob-

viously related to snout elongation. From the palatines for some
distance forward there are open choanae. But, farther forward,
there is a sheet of bone apparently pertaining to the maxillae,

which extends medially across the choanal areas from the max-
illae to gain a contact with the posterior portions of the stout

ventral processes of the premaxillae and the edges of the vomers.

More anteriorly this sheet is broken by oval openings, already
mentioned in connection with the skull roof. It is reasonable to

believe that these openings are anterior palatine foramina for

access to the mouth cavity of vomeronasal organs (Jacobson's

organs), and that the transverse sheet of bone between these

openings and the true choanae is a definite, if short, secondary

palate formed for facilitation of underwater breathing in this

long-snouted animal.

Much more normal and primitive in construction is the pos-
terior portion of the palatal surface. Anterior to the occipital

condyle, there are projecting basisphenoidal tubera, connected

by an incised transverse fine, concave posteriorly, which pre-

sumably marked the anterior limit of subvertebral musculature.
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Lines extending posteromedially from the tubera suggest an ex-

tension of parasphenoidal dermal ossification backward over part
of the basioccipital area. Anterior to the tubera, the combined

basisphenoid-parasphenoid contracts somewhat in width, then

expands again to the projecting spherical basal articular proc-

esses, on which it is obvious the pterygoids had considerable

freedom of movement. Paired foramina for the carotid arteries

are present between these processes. A slender parasphenoid
rostrum extends far forward along the midline of the interptery-

goid vacuity. Of the elements of the posterior part of the palate,

the palatine occupies an area between the posterior end of the

choana anteriorly and the palatine fenestra posteriorly, and be-

tween the maxilla laterally and the pterygoid medially. It bears

ventrally an anteroposterior row of small teeth. The pterygoids
are highly developed. Their slim anterior ends extend far forward

between the vomers. A short distance back of their anterior

termination the two pterygoids diverge slightly, so that a long
but narrow interpterygoid vacuity is developed. Along the

medial border each pterygoid carries a long row of small teeth;

this series terminates just above the region of the basal articula-

tion with the braincase. A second row of small teeth is present
on a distinct ridge that slants diagonally backward and medially
from a point near the posterior end of the palatine to terminate

somewhat short of the basal articular region. The palatal fenestra

is of considerable extent, bounded laterally by the jugal and incised

medially into the posterior part of the palatine and the adjacent

portion of the pterygoid. Back of the fenestra the palatal ramus

of the pterygoid expands widely laterally. Part of this expansion
is presumably formed by an ectopterygoid, but I have not been

able to detect a pterygoid-ectopterygoid suture. Anteriorly the

lateral margin of this expansion is sutured to the jugal; posteriorly

there is a constriction in width, and the bone slants ventrally to

form a stout transverse pterygoid flange, broadening distally. The

palatal portion of the pterygoid terminates medially and pos-

teriorly in a short spur beneath which is the socket for reception
of the articular process of the basisphenoid. Lateral to this area,

there arises a typical quadrate flange of the pterygoid, of modest

height, which posteriorly meets the quadrate.
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The quadrate bone is well developed. Its posterior end is a

thickened articular area, widened transversely and convex at both
internal and external ends; it appears that the quadratojugal (as

often) takes part to some degree in the lateral condyle. The
main shaft of the quadrate extends upward, to terminate in a

recess on the under surface of the squamosal at and close to its

posterior spur. This ascending ramus of the quadrate is broad

ventrally, gradually contracting in width dorsally, and has a

concave posterior margin. It faces as much posteriorly as later-

ally, at an angle to the adjacent areas of the quadratojugal and

descending ramus of the squamosal. As generally, a foramen is

present on this surface between quadrate and quadratojugal. The

ascending ramus presents a broad, forward-slanting, medial sur-

face that is covered anteriorly by the quadrate ramus of the

pterygoid.
In correlation with skull length, the jaw is long and slender

anteriorly (Figs. 4, 5). The symphysis is poorly represented in

available material but was obviously weak and formed mainly
—

perhaps entirely
—by the dentary. For much of the length of

the muzzle the dentary forms almost the entire outer surface of

the ramus —a surface that slants markedly inward below, rather

than being directed vertically downward. Posteriorly the bone

forks, the two branches enclosing between them the anterior end
of the long external mandibular fenestra. The upper branch ex-

tends along the upper margin of the ramus to the end of the tooth

Figure 4. Cluijuircsiicliiis bonapartei, jaw of type in lateroventral view.

X 4/9.

row, where it is replaced by the surangular; the lower branch

extends backward below the fenestra for some distance, applied

to the outer surface of the angular. The splenial is exposed at

the lower edge of the external surface. The posterior portion of

the external surface is made up almost entirely by the surangular

and angular. The former bone runs backward along the curving
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upper margin of the ramus, whence a dorsally facing area of the

surangular extends inward above the lateral border of the man-
dibular fossa. The angular extends backward below the lateral

mandibular fenestra, the two elements meeting at the posterior
end of the fenestra, whence a ridge, with which the suture be-

tween the two elements is associated, runs posteriorly. The
suture is indistinct posteriorly but the conjoined angular and

surangular extend backward nearly to the posterior end of the

jaw, sheathing the articular laterally. On the inner surface the

splenial lines the jaw for nearly its full height for most of the

length of the tooth row. Beyond this point its upper margin
slants gradually downward to the termination of the bone well

posteriorly. It is succeeded posteriorly on the inner surface by
the prearticular, which, narrow anteriorly, follows the splenial

downward and backward. The prearticular forms the inner bor-

der of the mandibular fossa, the surangular the outer border.

A coronoid is present, but seen only as a disarticulated element.

I have restored it, in Figure 5, with some doubt, in its probable

position. It appears to have extended forward as a thin sliver

Figure 5. Chanaresuchus bonapartei, jaw of type in medial view.

X 4/9.

of bone between the dentary and splenial and more posteriorly

appears to have been applied to the inner surface of the surangu-
lar. Posteriorly, the surangular thickens on its inner surface to

form the back margin of the mandibular fossa. The prearticular

fuses posteriorly with the articular. This stout element appears
to have been but loosely attached to the surangular and angular,

since it has separated from them in the two available specimens
with jaws in the La Plata-Harvard collection. The articular oc-

cupies the full height of the inner surface of the jaw at its pos-
terior end; it is braced anteriorly by the medial extension of the

surangular mentioned above, and is nearly completely covered

externally by the thin posterior extension of the conjoined angular
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plus surangular. There is little development of a retroarticular

process, but the bone extends somewhat ventroposteriorly. The
articular surface of the articular, as of the quadrate, is trans-

versely broadened, with median and lateral concavities corre-

sponding to the pair of convexities on the quadrate. There is a

pronounced process developed on the medial surface just below

the level of the articular surface.

The marginal dentition is but imperfectly preserved in avail-

able specimens. The teeth are of a common archosaurian type,

somewhat compressed mediolaterally, hence with an oval section,

sharp-pointed, and backwardly curved distally. The insertion is

protothecodont. There appear to have been six teeth, the last

small, on the elongate premaxilla, about 18 on the maxilla, and

about the same number on the dentary. As in many reptiles,

there appears to have been a high degree of replacement of teeth

in essentially alternating fashion, so that for much of the jaw

length alternate teeth are well developed, those between barely

erupted or represented by empty sockets.

GuALOSUCHUSREiGi, gen. et sp. nov.

Holotype. La Plata Museum 1964-XI-14-13 (field no. 75),

including most of the right half of skull and jaws and a limited

amount of postcranial material. Collected from the Chanares

Formation, from the valley of the north fork of the Chanares

River, La Rioja Province, about five miles east of the point where

this stream debouches into the Talampaya plain.

Combined generic and specific characters. Similar to Cha-

naresuchus in nearly all regards, but larger; posterior portion of

skull deeper but with a narrower skull table than in Chanare-

suchiis; orbit taller than in that genus and less incised into skull

roof; parietals extend in paired fashion farther back on skull

table than in Chanaresuchus and diverge less sharply posteriorly

toward the squamosals; superior temporal openings proportion-

ately narrow and more elongate.

The generic name, by analogy with Chanaresuchus, refers to

the Gualo River, which, with the Chanares, drains most of the

known area of exposure of the Chanares Formation. The specific

name is in honor of Sr. Osvaldo A. Reig, an active student of

archosaur evolution.
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Gualosuchus is represented in the Harvard-La Plata collections

only by the holotype, which includes the dermal bones of the

right side of the skull roof, the pterygoids, right palatine, most
of the right lower jaw and a number of postcranial elements.

Further materials, including a second skull, are present in the

Instituto Lillo collections. The length of the holotype skull (Figs.

6, 7), measured to the quadrate, is about 325 mm; the Instituto

Lillo skull, presumably that of a young individual, is much
smaller. Quite probably the holotype represents a "mature" speci-

men; it is nearly a quarter larger than the largest known skull of

Chaiuiresuchus. The skull of the holotype is highly rugose, pre-

sumably in correlation with large size; this feature has made
identification of sutures difficult.

In every major structural feature the Gualosuchus skull closely

resembles that of Chanaresuchus. In consequence, detailed de-

scription is unnecessary; mention need be made only of points
in which the two genera differ. As in Chanaresuchus, the skull

is long and low; the proportions of snout length to total skull

length are much the same in the two genera, and both have the

same anteroposterior elongation of the lateral temporal fenestra.

The skull of Gualosuchus, however, is much less depressed pos-

teriorly than that of Chanaresuchus, and less broad. In Cha-

naresuchus, for example, the height of the skull at the orbit is

little more than 15 per cent the skull length; in Gualosuchus

about 22 per cent, and the comparable figures at midlength of

the lateral temporal fenestra are 17 per cent and 24 per cent.

In relation to greater depth at the orbit, this opening, which is

subcircular in lateral view in Chanaresuchus, is taller and sub-

quadrate in shape in Gualosuchus and is much less incised into

the skull roof. Part of the contrast in depth is due to the greater

depth of the maxilla and jugal beneath the antorbital vacuity,

orbit, and the anterior part of the lateral fenestra. The differ-

ences in breadth between the two genera relate mainly to differ-

ences in width of the skuU table. In Chanaresuchus the width

across the postorbital-squamosal bars bordering the skull table on

either side, is nearly a third the measurement of skull length; in

the Gualosuchus type this width is but a quarter the skull length.

This difference in table proportions results in contrasts in the

pattern of the posterior part of the skull roof. In Chanaresuchus

the superior temporal fenestrae are relatively short and broad
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and slant outward posteriorly; in Gualosuchus these openings are

relatively long and narrow and lie on a direcdy anteroposterior
line. In Chanaresuchus the two parietals are united on the skull

table for only a short distance before they diverge sharply to

extend outward and backward to meet the squamosals; in Gualo-

suchus, in contrast, the parietals extend backward in contact

with one another for a considerable distance before diverging, at

a lesser angle, toward the squamosals.

Figure 6. Gualosuchus reigi, holotype skull in dorsal view. X 1/3.

Figure 7. Gualosuchus reigi, holotype skull in lateral view. X 1/3.
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The disarticulated pterygoids and right palatine are very simi-

lar in construction to those of Chanaresuchus. Most of the right

ramus of the lower jaw is preserved in the type. It had been

somewhat weathered before recovery, but in all observable fea-

tures it agrees well with the Chanaresuchus jaw.

DISCUSSION

Chanaresuchus and Gualosuchus are closely related; they ap-

pear to be almost identical in all structural features and as far

as known differ only in size and in skull proportions, the Gualo-

suchus skull being relatively narrower and taller posteriorly. We
need not search far to find relatives. It is obvious that Cerrito-

saurus described by Price (1946) from the slightly later Santa

Maria beds of Brazil is a close relative, as shown by similar

skull proportions, slitlike dorsally-placed nostrils, loss of post-

frontal element, absence of the parietal foramen, comparable

shape of the lateral temporal fenestra, and posterior situation

of the jaw articulation. Possibly some of the thecodont material

from the Manda beds may pertain to a related type, but this

material is too fragmentary to allow positive determination.

Quite surely, however, a further South American relative is

Proterochampsa (Reig, 1959; Sill, 1967). A number of points

of resemblance to Chanaresuchus and Gualosuchus can be seen

in the figures of Reig and Sill, and further unpublished observa-

tions and study of the Proterochampsa specimens in the fight of

our better knowledge of the Chanares forms strongly suggest that

the relationship is close indeed. The Proterochampsa skufis are

even more flattened than in Chanaresuchus (although this may
be due in part to post-mortem crushing) . The skull is sculptured

as regards its dermal roofing elements in very rugose fashion,

presumably in correlation with the fact that its size is consider-

ably greater than that of either of the Chanares forms. This

rugose condition makes for difficulty and doubt in the determina-

tion of sutures. The skull proportions, with a long slender snout

and a broad posterior region, are identical with those in the

earlier genera. The outlines of the external nares are imperfectly

preserved, but the structure here is apparently the same as in

Chanaresuchus and Gualosuchus. The antorbital fenestrae are

smafi, as in those genera; the orbit, subcircular in shape as in

Chanaresuchus, is strongly incised into the skull table; because
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of the great flattening of the skull, these openings face nearly
directly dorsally rather than laterally. The pattern of the posterior
part of the skull table, with a pineal opening absent, and the

posterolateral extensions of the parietals swinging broadly out-

ward, closely resembles that of the Chafiares genera. As in those

forms, the lateral temporal fenestra is large and long anteropos-
teriorly; the jaw articulation is far back of the occiput, and, as

in the earlier genera, there is but a slight projection of the

squamosal above the incipient archosaur otic notch. The lower

jaw structure, as far as can be made out, is similar to that of the

forms here described.

The palate is poorly seen, but recent study indicates that the

posterior portion of it was quite similar to that of Chanaresuchus
and Gualosiichus. As in those genera, the basal articulation was
movable and an interpterygoid vacuity present, in which, as in

the genera here described, there projected forward a slender

parasphenoidal rostrum. A row of denticles was present, as in

the Chanares forms, on the palatine as well as denticle rows on
the pterygoid.

Again, as in these forms, the anterior ends of the palatines
were notched for the posterior margins of the choanae. Forward
of this point little can be made out regarding palatal structure.

Both Reig and Sill restore this area with a small choana and a

long secondary palate. This is, however, uncertain and the

situation here may well have been much the same as in the

Chaiiares forms.

In sum, Proterochampsa in all observable features appears to

be very similar in cranial structure to Chanaresuchus, Gualo-
suchus and Cerhtosaurus; the differences between them are cer-

tainly not more than of generic value, and all four may be

reasonably grouped within the single family Proterochampsidae,
erected by Sill (1967) for the reception of Proterochampsa.

The general structure of these four genera is strongly suggestive
of amphibious habits, not improbably paralleling those of the

later phytosaurs and crocodilians. The postcranial skeleton ap-

pears to have the general proportions of crocodilians (although
without diagnostic crocodihan characteristics). The slender

snout, flattened skull, the trend for a dorsal facing of the orbits

and the dorsal position of the nostrils are all suggestive of water-

dwelling habits.
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What is the pedigree of these forms? Currently, as regards
classification of thecodonts, one tends to sort out a few early and

primitive genera as the Proterosuchia, separate off as advanced

types the Phytosauria and (in some fashion or other) crocodilian

ancestors, and, having done this, "lump" all remaining forms as

members of the suborder Pseudosuchia. One's first inclination

would be to include the Proterochampsidae in this last general

category. Further consideration, however, suggests that the

proterochampsids are too primitive structurally to be placed in

the Pseudosuchia. In a few regards our forms are advanced or

specialized
—dorsal position of the nares, loss of the postfrontal

and of the parietal foramen, structure of the anterior part of the

palate, and an advanced jaw structure. But there are many
primitive features —for example, small size of the antorbital

opening, posterior position of the suspensorium, long antero-

posterior extent of the lateral temporal fenestra, presence of a

movable basal articulation, retention of an interpterygoid vacuity
and retention of palatal teeth. Typical pseudosuchians are ad-

vanced in all these characters. Euparkeria, recently well described

by Ewer (1965), which is either reckoned as a primitive pseudo-
suchian or as an advanced proterosuchian leading toward the

pseudosuchians, is as primitive as the proterochampsids in most

of the features listed. But even Euparkeria is more advanced in

some features, such as the relatively large antorbital fenestra and,

more significantly, shortening of the lateral temporal fenestra and

forward movement of the suspensorial region.

One is thus tempted to consider a direct origin of the protero-

champsids from a proterosuchian ancestor. Charig and Reig

(1970) list some 27 structural features that are characteristic of

proterosuchians, 16 of which (2-17) pertain to the cranium. In

the greater part of these characters, the Proterochampsidae are

in agreement with the Proterosuchia. They differ in a few points:

(2, part) absence of a postfrontal and of a parietal foramen;

(5, part) nonterminal position of external nares; (9) a slight

projection of the squamosal back beyond the head of the quadrate

(present, however, in Chasmatosaiirus); (13) formation of an

incipient secondary palate; (14) the presence or absence of an

epipterygoid is unknown. In all other points the Proterochamp-
sidae are in full agreement with the Proterosuchia: (2, part) a

median postparietal present; (3) well-developed and projecting
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prefrontal; (4) short and broad parietal; (5, part) exclusion of

maxilla from naris by premaxilla; (6) moderate size of antorbital

vacuity; (7) superior temporal fenestra facing dorsally; (8) no

V-shaped lateral temporal fenestra; (10) Uttle development of

otic notch; (11) jaw^ articulation well behind condyle; (12)

interpterygoid vacuity present; (15) marginal teeth more or less

isodont; and, (16) tooth insertion subthecodont. To this long
list of primitive characters may be added the presence of a mov-
able basipterygoid articulation, and retention of palatal teeth.

It seems clear that the Proterochampsidae are of direct protero-
suchian derivation and, despite a few advances, may best be

classified as a family of the Proterosuchia.

Further, one's attention can be immediately directed to Pro-

terosuchus [Champsosaurus] as a proterosuchian probably not

far removed from the near ancestry of the Proterochampsidae.

Reig (1959), Sill (1967), and Walker (1968) have each in

turn commented on the similarity of Proterochampsa to ''Clias-

matosaurus.'' Apart from the nasal apparatus, little change is

needed to transform "Chasmatosaurus" into a proterochampsid—reduction of the downward curvature of the snout, loss of the

postfrontal bone, and modification of the posterior part of the

lower jaw. Two changes anteriorly are needed —an upward and

backward shift of the external nares and, with further elongation

of the already slitlike choanae of ''Chasmatosaurus,"" initiation

of a secondary palate. The proterochampsids can be reasonably
considered to be direct and relatively unmodified descendants of

a proterosuchian of "chasmatosaurid" type.

Were the Proterochampsidae a sterile line or could they have

given rise to more advanced archosaurs of any sort? The two

possibilities are the Phytosauria and Crocodilia. Reig and Sill

believe Proterochampsa to be an ancestral crocodile; Walker

(1968, 1970) denies the crocodilian affinities of Proterochampsa
but suggests relationships to phytosaurs, while, on the other

hand, he suggests that Cerritosaurus is a crocodile relative.

I see little positive evidence to support relationship of any

member of the Proterochampsidae to the Crocodilia. As far as I

am aware, the postcranial skeleton of Clianaresuchus shows none

of the significantly crocodihan features of coracoid, pubis, etc.,

that are characteristic of Triassic "pre-crocodilians." As regards

the skull, Reig calls attention, in addition to the beginning of a
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secondary palate, to the rather crocodihan skull proportions,

particularly those of the table. Sill gives a careful and detailed

analysis of skull structure, but, apart from the secondary palate,
cannot point out any feature in which Proterochampsa approaches
crocodilian conditions; at best, it exhibits features that may have
been present in the remote ancestors of the Crocodiha, and that

are, essentially, those present in generahzed ancestral thecodonts.

The posterior portion of the palate, for example, is of an ex-

tremely primitive pattern, markedly modified in all nonprotero-
suchian thecodonts. Notably primitive is the suspensorial region,
with the jaw articulation far to the rear of the occiput and the

lateral temporal opening greatly elongated. To attain the croco-

dilian condition it seems structurally necessary for this region to

pass through the pseudosuchian stage of a short lateral temporal

region with a V-shaped posterior boundary, followed by closure

of the upper part of the lateral vacuity, a forward shift of the

upper end of the quadrate and, finally, downward closure of the

squamosal back of the otic notch. There is not, in protero-

champsids, the slightest trace of the beginning of this highly

important series of structural changes; these forms are not a

whit more advanced than the archaic thecodont "'Chasmato-

saurusy The posterior part of the proterochampsid jaw, again,

is specialized in a noncrocodilian fashion. Finally, the movement
of the external nares upward and backward along the skull roof

is a structural feature that is not primitive or merely "neutral"

in nature, but is in direct contrast to the situation expected in an

ancestor of the Crocodilia, in which the nostrils are persistently

terminal in position in almost every case.

In short, for positive signs of crocodilian relationships of the

proterochampsids, we are reduced to the presence of a short

secondary palate. It is possible, but difficult, to imagine this

structure being expanded and modified to form the elongate

secondary palatal structure seen in true crocodilians. It seems

more probable, at present, to believe that the development of this

structure plus the backward movement of the external nares,

represent an attempt, parallel to that of crocodilian ancestors,

to improve respiration in a long-snouted amphibious reptile.

If we turn from the proterochampsids to a series of later

Triassic archosaurs, such as Notochampsa, Erythrochampsa,

Protosuchus, and the recently described Orthosuchiis (Nash,
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1968; cf. Walker, 1970), we find a series of forms in which
there is little development of a secondary palate, but in which
there are numerous positive indications of crocodilian relation-

ship, such as the series of crocodilian postcranial characters that

arc absent in proterochampsids, progress in the development of

the crocodilian type of suspensorial and otic regions, presence
of supraorbital bones, fusion of braincase and palate ventrally.
There is little indication that these forms are directly derived

from such archaic and essentially proterosuchian forms as the

proterochampsids; rather, it would seem, the crocodile ancestors

advanced from the proterosuchian to the pseudosuchian stage
of thecodont development, and then began to specialize in the

direction of the Crocodilia.

Although Walker (1968), as noted above, suggested that

Cerritosaiinis might be related to crocodilian ancestry, he denies

this for its relative Proterochampsa, and suggests, in contrast,

that this genus might have been ancestral to the phytosaurs. Most
of the items listed by him as phytosaurian similarities appear to

be of little weight and could be countered by other features

wherein Proterochampsa differs from possible "proto-parasuch-
ians" (as, for example, in loss of postfrontals in proterochamp-

sids). The one seemingly important and suggestive feature is the

movement of the nares, as slitlike structures, well back onto the

dorsal skull surface. This could well be an initiation of the strong

posterior narial trend seen in phytosaurs. But in default of

intermediate forms, the gap between such a proterochampsid as

Chanaresiichus and a typical phytosaur is so great as to make
an assumption of relationship, in the present state of our knowl-

edge of thecodonts, little more than an interesting possibility.
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